Clearance experiments were performed to characterize the sensitivity to vasopressin ofthe thick ascending limbs and collecting duct system ofthe rat kidney. (11, 12) . To avoid undesirable interference from these hormones, the experiments were performed with hormone-deprived rats (4); i.e., Brattleboro D. I. rats (lacking [Arg8]vasopressin) that were acutely thyroparathyroidectomized (thus suppressing calcitonin and PTH levels) and given somatostatin to inhibit glucagon secretion (6-11).
reabsorption in the thick ascending limb and distal tubule, and of calcitonin, which increases the permeability of the cortical collecting ducts to water, experiments were performed on Brattleboro D. I. rats (with hereditary diabetes insipidus, due to a lack of [Arg8]vasopressin) acutely deprived of endogenous parathyroid hormone, calcitonin, and glucagon. Vasopressin infused at rates up to 5 pg/min did not reduce the Mg2+ fractional excretion rate, whereas at 5 pg/min water excretion was decreased by 50%. The half-maximal reduction of Mg2+ excretion occurred at vasopressin infusion rates 4-6 times higher than those necessary to diminish the water excretion rate to the same extent. We conclude that in vivo, two segments involved in the production of concentrated urine have different sensitivities to vasopressin and that this difference in sensitivity is very similar for the biological response in vivo and the adenylate cyclase activation in vitro. We suggest that both the magnitude and the nature of the effects of [Arg8]vasopressin on the kidney may vary according to the required antidiuretic response.
Vasopressin (antidiuretic hormone) increases the water permeability of the collecting ducts and stimulates reabsorption of electrolytes, such as NaCl (1) (2) (3) , Mg2+, Ca2+, and K+ (4) , by the thick ascending limb of Henle's loop. Imbert-Teboul et al. (5) showed that the apparent Km value of adenylate cyclase activation by [arginine-8] vasopressin was much higher in the thick ascending limb than in the collecting tubule, indicating that the two segments have different sensitivities to this hormone.
We undertook the present study to test whether vasopressin, at a concentration higher than that necessary to increase the permeability of the collecting duct to water, elicits a physiological response in the thick ascending limb in vivo. The biological effects on the thick ascending limb were evaluated by measuring the Mg2' excretion rate, since the effects on the loop are directly responsible for the hormonemediated decrease of Mg2+ excretion in urine (4, 6) . The response ofthe collecting ducts was evaluated by the changes in urine flow. Calcitonin, parathyroid hormone (PTH), and glucagon may act on Mg2+ reabsorption in the distal tubule (7, 8) and the thick ascending limb (9, 10) , and calcitonin may act in the same way as [Arg8]vasopressin on the permeability of the cortical collecting duct to water (11, 12) . To avoid undesirable interference from these hormones, the experiments were performed with hormone-deprived rats (4); i.e., Brattleboro D. I. rats (lacking [Arg8]vasopressin) that were acutely thyroparathyroidectomized (thus suppressing calcitonin and PTH levels) and given somatostatin to inhibit glucagon secretion (6) (7) (8) (9) (10) (11) .
METHODS
Experiments were performed on 38 male rats with hereditary hypothalamic diabetes insipidus (Brattleboro D. I. rats) bred in our laboratory. Laboratory chow of constant composition (UAR, Villemoisson-sur-Orge, France; composition: P = 6.6, Ca = 7.5, K = 9.3, Na = 3, Mg = 1.2 g/kg) was available to all rats until 17 hr before the experiments. The animals were then placed in metabolic cages to verify by their urine osmolality (<250 milliosmoles/kg) that they were homozygous. Free access to distilled water was available until anesthesia. The animals were prepared in order to reduce the plasma concentration of calcitonin, PTH, and glucagon (6) (7) (8) (9) (10) (11) . They are called hormone-deprived animals throughout this paper.
After anesthesia (Inactin, 10 mg/100 g of body weight), the animals, placed on a heated (6, 7) , in agreement with others (13) , that in the superficial distal tubule, Mg2+ reabsorption is load-dependent. However, within the normal range of Mg2+ load delivered to this nephron segment (i.e., tubular concentration <2 mM), the amount reabsorbed increases linearly with the load delivered (r = 0.90, P < 0.001); the fraction of this load reabsorbed is therefore constant (6, 7) and unaltered by dDAVP (6 10 (c), 20 (a), 40 (o), or 80 (E) pg/min. After each urine collection, the perfusion rate was adjusted to replace water losses adequately, in order not to infuse excess water. The urinary flow rate is that of the two kidneys. Each point is a mean of the means obtained from 3 or 4 rats, except for the control periods, for which the data from all animals were pooled.
(5-10% of the filtered load) is rather limited when compared with that carried out by the loop of Henle (60-85% of this load, depending on the hormonal status of the animal). Thus determination of Mg2" urinary excretion is a satisfactory quantitative measure of Mg2+ transport by the loop.
The hormone-deprived model requires a depletion of the four hormones that act on the adenylate cyclase present in the thick ascending limb. The Brattleboro rat, which lacks
[Arg8]vasopressin, was chosen for establishing the model. In this rat, the epithelium of the thick ascending limb is reduced in length and thickness (14) . The threshold of the cyclase response of this epithelium to vasopressin is nevertheless the same as that of either Wistar (5) or Long-Evans rats (15) , lying between 10 and 100 pM. In addition, the epithelium of the thick ascending limb of the Brattleboro rat given dDAVP daily hypertrophied after 6 weeks of treatment (14) . The reduction of Mg2' excretion that accompanied this treatment was nevertheless very similar to that observed in Brattleboro rats receiving an acute infusion of vasopressin (16) . Moreover, when the treatment was interrupted, the Mg2+ fractional excretion rose to 20-30% of the filtered load within 2-3 days, despite the persistence of the epithelial hypertrophy (16 pg/min, this infusion rate was set at 60 Al/min. The clearance periods began after a 60-min equilibration period (that is, 150-180 min after thyroparathyroidectomy) during which the urine from both kidneys was collected. The experiments consisted of five 30-min clearance periods. After each blood collection, samples were centrifuged, the plasma was separated, and the erythrocytes were resuspended for reinjection through the femoral vein catheter. The urine flow rate of both kidneys was determined after each urine collection. The phosphate concentration of the plasma and urine of each rat was determined in order to verify that the fractional excretion of phosphate was low (3.2 ± 0.4% of the filtered load, n = 7 groups) and, thus, that parathyroidectomy had been successful. At the end of each experiment, the left kidney was weighed after dissection of the perirenal fat.
Analytical Procedures. Fig. 3 shows that at the half-maximal diuretic response, the urine osmolality value was <300 milliosmoles/kg. (5) . Thus, the [Arg8]vasopressin-dependent adenylate cyclase activity exhibited similar dose-response relationships in the cortical and medullary thick ascending limb, and both segments were found less sensitive than the cortical and medullary collecting tubules. That the concentration of [Arg8]vasopressin required to induce 50% of the biological response and 50% of the cyclase response must be 5 times higher for the thick ascending limb than for the collecting tubule shows that the difference in cyclase sensitivity among cell populations may be interpreted in physiological terms. In this connection, it is relevant to note that the amplitude of the effects induced by [Arg8] vasopressin on the adenylate cyclase activity in the thick ascending limb in different species of mammals is correlated with urinary concentrating ability (22 We gratefully acknowledge the technical assistance of P. Phillippe, N. Soyeux, and A. Zimmerman.
